ABSTRACT. An accurate, simple and specific reverse phase LC procedure is established and validated for simultaneous estimation of methoxsalen and p-aminobenzoic acid in pharmaceutical formulated products and human serum. Chromatographic separation among methoxsalen, p-aminobenzoic acid and their degradation products have been achieved in less than 5 min with Hypersil-ODS column (250 mm x 4.6 mm, 5 µm), using acetonitrile and 1.28 mM phosphate buffer as mobile phase (60:40 v/v). Flow rate of the mobile phase was set as 1.5 mL min -1 and detection of all the analytes was carried out by diode-array detector at 254 nm. The developed method was validated according to ICH guidelines by performing its linearity, accuracy, precision, specificity, robustness and LOD/LOQ values. Response was linear and proportional to the concentrations (24-48 µg mL -1 ) for p-aminobenzoic acid and (9-18 µg mL -1 ) for methoxsalen. The LOD was 2.3 ng mL -1 for p-aminobenzoic acid and 6 ng mL -1 for methoxsalen whereas LOQ was 7.8 ng mL -1 for p-aminobenzoic acid and 20.4 ng mL -1 for methoxsalen. The developed method efficiently separated the principal peaks from degradation products and therefore can be applied successfully for concurrent analysis of methoxsalen and p-aminobenzoic acid in pharmaceutical dosage form, human serum and product stability studies.
INTRODUCTION
Methoxsalen is chemically designated as 9-methoxy-7H-furo-(3,2-g)-1-benzopyran (7) one. It is a photosensitizer that greatly increases the skin reactivity to long wavelength ultraviolet radiations (320 to 400 nm). It is indicated for the treatment of psoriasis, eczema and to repigment the vitiliginous areas of the skin in conjunction with controlled doses of ultraviolet A (320-400 nm) or sunlight. p-Aminobenzoic acid is chemically designated as 4-aminobenzoic acid ( Figure 1) . It is applied topically on the skin as sunscreen. Aminobenzoic acid and its derivatives absorb light effectively in the UV-B region but absorb very small or almost no UV-A light [1] . Various analytical procedures for methoxsalen and p-aminobenzoic acid have been reported either alone or in combination with other drugs. Methoxsalen has been determined by HPLC [2] [3] [4] and by LC-MS [5] [6] . The reported methods were used to analyze methoxsalen only and its simultaneous determination with p-aminobenzoic acid was not carried out. In addition the LC-MS methods cannot be used in ordinary laboratories due to unavailability. Jyothi et al. [7] have recently published an HPLC method for the determination of methoxsalen in dosage form by HPLC. Although the retention time of methoxsalen was less than 4.5 min, the method does not involve the forced degradation studies which make it unsuitable for stability monitoring. The analytical techniques that had been reported for p-aminobenzoic acid included determination by high performance liquid chromatography [8] [9] , spectrophotometry [10] [11] and titrimetry [12] . Kumar et al. [13] have analysed p-aminobenzoic acid in multivitamin dosage forms. The separation of methoxsalen occurs in about 13 min but there was not forced degradation studies involved. The combination of methoxsalen and p-aminobenzoic acid is approved and available in the market on prescription. However, this combination product is not included in any pharmacopoeia like EP, USP, and JP. In addition to absence of any HPLC methods in the pharmacopoeia, a careful and thorough literature review also showed absence of any reversed phase LC method for simultaneous estimation of both drugs in dosage formulations and human serum. Reverse phase chromatography is preferred over normal phase in pharmaceutical analysis as most of the drugs can be retained by this phase. In addition water is used in reverse phase chromatography which is also an advantage [14] . The purpose of stability testing is to check the drug quality under the action of many environmental factors like temperature, acid, base and oxidative condition. This is necessary for establishment of re-test period for the drug products and for recommendation conditions for their storage. ICH guidelines therefore emphasize stability-indicating analytical methods [15] . Efforts were therefore made to develop a novel, fast and validated stability indicating HPLC procedure for determining simultaneously both the drugs in pharmaceutical dosage forms and human serum. Currently we are developing analytical methods for drugs in binary combinations [16] [17] [18] [19] [20] [21] [22] [23] [24] and this study is a continuation of the previous work as it contained two active ingredients in formulation.
EXPERIMENTAL

Chemicals and reagents
Working standards of p-aminobenzoic acid (99.8% purity) and methoxsalen (99.5% purity) were from Lahore Chemical & Pharmaceutical Works (Pvt) Ltd., (Lahore, Pakistan). Acetonitrile of HPLC grade, sodium hydroxide, potassium-dihydrogen phosphate, HCl and potassium permanganate (analytical grade, Fluka UK origin) were procured from the Central Chemicals Lahore, Pakistan. Water used during method development and validation was double distilled. Solutions were filtered from 0.45 µm nylon filters from Sartorius (Germany).
System conditions
The liquid chromatograph utilized was of Shimadzu (Japan), model LC-20A. The system was equipped with pump LC-20AT and a diode array detector SPD-M20A. The detector was adjusted at 254 nm. The system was fitted with a manual injector (Rheodyne valve) having a loop of 20 µL. Separations were achieved with Hypersil-ODS stationary phase (250 × 4.6 mm, 5 µm). Mobile phase comprised of acetonitrile and 1.28 mM potassium dihydrogen phosphate buffer in 60:40 (v/v). Solutions were degassed using Elma-sonic E30H (Germany) before analysis. Mobile phase was delivered at 1.5 mL min For standard stock solution (A) of p-aminobenzoic acid and methoxsalen, 100 mg p-aminobenzoic acid and 37.5 mg methoxsalen were taken in 100 mL flask. Volume was completed to the mark with mobile phase. Final solution was sonicated for 10 min to obtain final concentration equivalent to 1000 µg mL -1 of p-aminobenzoic acid and 375 µg mL -1 of methoxsalen.
Preparation of working standard solution (B)
A 2 mL aliquot of stock standard solution (A) was transferred into a 50 mL flask. The volume was adjusted to mark with mobile phase. The prepared final working standard solution (B) contained 40 µg mL -1 p-aminobenzoic acid and 15 µg mL -1 methoxsalen. Before analysis, the solution was filtered through nylon filter (0.45 µm).
Preparation of ointment sample solution
Accurately weighed 1 g of the ointment equivalent to 20 mg of p-aminobenzoic acid and 7.5 mg methoxsalen was taken in 100 mL flask. Approximately 50 mL mobile phase was added, warmed up to 40 o C and shaken well to dissolve. Volume was adjusted to the mark with mobile phase. 5 mL of above solution was diluted to 25 mL with mobile phase to get 40 µg mL -1 of paminobenzoic acid and 15 µg mL -1 methoxsalen. Before analysis, the solution was filtered through nylon filter (0.45µm).
Human serum sample preparation
Serum samples were injected directly into HPLC system after protein precipitation. For preparation of serum sample, 1 mL of human serum was spiked with 1 mL of stock solution (A) in polypropylene centrifuge tube. Then 24 mL of acetonitrile was added and the mixture centrifuged at 10,000 rpm for 8-10 min to precipitate proteins. The volume of acetonitrile used was for precipitation as well as for dilution purpose. Final concentration of solution obtained was equivalent to 40 µg mL -1 of p-aminobenzoic acid and 15 µg mL -1 of methoxsalen. The supernatant was collected in polypropylene tube. Before analysis, the solution was filtered through nylon filter (0.45 µm).
Method linearity
For the proposed method linear graphs were attained in the concentration range of 24-48 µg mL -1 (24, 28, 32, 36, 40, 44 , 48 µg mL
) for p-aminobenzoic acid and 9-18 µg mL -1 (9, 10.5, 12, 13.5, 15, 16.5, 18 µg mL -1 ) for methoxsalen. Three solutions were prepared for each concentration and analyzed.
Method accuracy
Accuracy was estimated by the analysis of synthetic mixtures of p-aminobenzoic acidmethoxsalen in dosage form and serum. Declared amounts of methoxsalen and p-aminobenzoic acid of declared purity were spiked into placebo components (hard paraffin, bee's wax, cetostearyl alcohol, petroleum jelly) of the ointment and human serum. Synthetic mixture (100 % nominal analytical concentration) of p-aminobenzoic acid (40 µg mL -1 ) and methoxsalen (15 µg mL -1 ) was prepared by mixing p-aminobenzoic acid (40 mg), methoxsalen (15 mg), hard paraffin (55 mg), bee's wax (38 mg), cetostearyl alcohol (92.2 mg) and petroleum jelly (1.75 g). Three concentrations ranging from 50 to 150% of the nominal analyte concentration were made and analyzed by the developed method.
Method precision
Inter-day as well as intra-day precision methodology was utilized to demonstrate the repeatability of the proposed method. In intra-day methodology five standard solutions (three dissimilar concentrations) of p-aminobenzoic acid and methoxsalen were injected into HPLC system in single day. In inter-day precision the same solutions were injected for three consecutive (un-interrupted) days. To express the precision, RSD % of the p-aminobenzoic acid and methoxsalen peaks was calculated.
Stress induced studies (specificity)
Specificity test was conducted according to different ICH stated stress situations [25] . ICH stresses to include tests of samples under relevant stress conditions: light, heat, humidity, acid/base hydrolysis and oxidation.
Acid-stress studies
Acid stress studies were carried out at 40 o C and relative humidity (RH) 75% in an environmental accelerated chamber using 5 M hydrochloric acid. For these studies 4 mL stock standard solution (A) was transferred to 100 mL flask. 4 mL of 5 M hydrochloric acid then added into the flask and placed at 40 o C/75% RH in the environmental accelerated chamber for half an hour. After completion of the stress studies, about 4 mL of 5 M sodium hydroxide was added to neutralize the solution. Volume was adjusted to mark using mobile phase.
Base-stress studies
Basic stress degradations studies were carried out using 5 M sodium hydroxide at 40 o C and 75% RH. In a volumetric flask of 100 mL, 4 mL stock standard solution (A) and 4 mL of 5 M sodium hydroxide were mixed and the flask placed at 40 o C/75% RH for 10 min. After completion of the stress studies, about 4 mL of 5 M hydrochloric acid was added to neutralize the solution. The volume was adjusted to mark using mobile phase.
Oxidative-stress studies
These studies were conducted at room temperature using 0.001% KMnO 4 solution. 4 mL of stock standard solution was transferred to a 100 mL flask and mixed with 4 mL of 0.001% KMnO 4 . The flask was allowed to stand at room temperature for 20 min. After completion of the stress studies mobile phase was added to the mark. This solution was then injected in to the HPLC system.
Photolytic-stress studies 4 mL stock standard solution (A) was transferred into100 mL flask. The flask was then placed in open sunlight for 4 hours. After that, mobile phase was added to the mark. This solution was then injected in to the HPLC system.
UV-stress studies
For the UV degradation studies, 4 mL of the stock standard solution was transferred into a 100 mL flask and placed under UV light for 4 days. This solution was then injected in to the HPLC system.
Thermal-stress studies
A 4 mL portion of the stock standard solution was transferred to 100 mL flask and placed over hot plate for 2 hours at 160 o C. After 2 h, mobile phase was added to the mark. This solution was then injected in to the HPLC system.
Robustness
Deliberate changes were made in the experimental conditions to assess the robustness of the developed method. ) of the mobile phase. The effects of these changes on chromatographic parameters of retention time, theoretical plates, resolution and tailing factor were noted.
Detection and quantitation limits
Signal/noise (S/N) ratio method was used to calculate the LOD and LOQ values. For this purpose, solution concentrations were prepared in descending order by way of spiking known concentrations of p-aminobenzoic acid and methoxsalen into drug excipients (placebo) and human serum. The solutions were made by the defined protocol and repeatedly analysed to find S/N ratio. The average ratio at each level of concentration was used to determine the detection and quantitation limits. The lowest concentration of p-aminobenzoic acid and methoxsalen which gives 10:1 signal to noise ratio where p-aminobenzoic acid and methoxsalen can be quantitated with accuracy was represented as LOQ and the lowest level of concentration which gives 3:1 signal to noise ratiowhere p-aminobenzoic acid and methoxsalen can be detected was expressed as detection limit.
RESULTS AND DISCUSSIONS
The purpose of this study was to develop a simple, fast and economic stability indicating high performance LC method for the instant and simultaneous determination of p-aminobenzoic acid and methoxsalen in combination form. In order to accomplish this goal, chromatographic conditions were optimized. For optimization of conditions and to acquire symmetrical sharp peaks, different organic solvents and buffers with varied pH range in different proportions were tried in order to optimize the mobile phase composition. In addition, four different stationary phases (Hypersil-100 C18, Hypersil-ODS, Hypersil-BDS C18, and Hypersil-BDS C8) were initially chosen for optimization of stationary phase.
Optimizing mobile and stationary phases
Composition of mobile phase was studied systematically through a series of experiments to obtain symmetrical peaks of p-aminobenzoic acid and methoxsalen. Different volume ratios (80:20, 60:40, 40:60, 20:80) of methanol and water were tested and various columns (Hypersil-100 C18, Hypersil-ODS, Hypersil-BDS C18, Hypersil-BDS C8) used to obtain best resolution and separations but p-aminobenzoic acid and methoxsalen showed peak broadening and asymmetry on all stationary phases. Hypersil ODS column provided almost symmetrical peak of p-aminobenzoic acid (tailing factor 1.53 with retention time 6.48) and asymmetrical peak of methoxsalen with long retention time (tailing factor 2.1 and retention time 9.65). Increasing column temperature to 45 o C did not improve the symmetry and long retentions of methoxsalen. Asymmetrical peaks of p-aminobenzoic acid and methoxsalen might be due to the interaction of oxygen atoms of the methoxsalen and the acidic (carboxylic) group of carbon-1 and amino group of the carbon-4 of the p-aminobenzoic acid with the silanol groups of the stationary phase or metal ion impurities present in the column. In order to avoid these problems, methanol was replaced by acetonitrile and water by 1.28 mM potassium dihydrogen phosphate buffer (pH 5.5). Highly sharp and symmetrical peaks of p-aminobenzoic acid and methoxsalen were obtained with acetonitrile and 1.28 mM phosphate buffer (60:40 v/v) on Hypersil-ODS column in contrast to the other stationary phases like Hypersil-100 C18, Hypersil-ODS, Hypersil-BDS C18, Hypersil-BDS C8 (All 250 × 4.6 mm, 5 µm) with better peak shape, theoretical plates and resolution (Figure 2 ). 
Optimization of the pH of the phosphate buffer
For optimizing suitable pH of the phosphate buffer, a series of trials were carried out at different pH values (3.0, 4.0, 5.5 and 6.5) of buffer solutions. This range was chosen as RP-columns are generally limited to almost this pH range (2) (3) (4) (5) (6) (7) (8) . Hypersil ODS stationary phase was used for optimizing suitable pH value. This pH effect on the elution of both the components is shown in (Figure 3 ). Sharp and symmetrical peaks of the p-aminobenzoic acid and methoxsalen were obtained at pH 5.5 using acetonitrile and 1.28 mM phosphate buffer (60:40 v/v), with reasonable number of theoretical plates, good resolution and acceptable tailing (Table 1) . Finally (60:40 v/v) acetonitrile and 1.28 mM potassium dihydrogen phosphate buffer was adopted that showed symmetrical peaks of p-aminobenzoic acid and methoxsalen using Hypersil ODS column at retention times of 1.78 and 2.89 of p-aminobenzoic acid and methoxsalen, respectively.
Analytical method validation
Validation of the proposed analytical method was conducted according to ICH guidelines [23] . , 600 ng mL -1 and 6 ng mL -1 for methoxsalen) were prepared. Limit of detection was then estimated by the concentration where S/N ratio was 3:1.
The LOD values calculated were 2.3 ng mL -1 for p-aminobenzoic acid and 6 ng mL -1 for methoxsalen. The calculated LOQ was 7.8 ng mL -1 for p-aminobenzoic acid and 20.4 ng mL To check the accuracy, known amounts of methoxsalen and p-aminobenzoic acid were added into the sample solution containing known amounts of analytes. Results were then compared with the true values. True value was obtained by injecting the standard solutions of known concentration. Results of percentage recoveries are shown in the ( Table 2 ). The results revealed that method is accurate and appropriate for anticipated use. The results were very close to the true value and were within the range of theoretical expected value (98-102%). Both intraday precision and inter-day precision was performed to validate the proposed method. It was reported in term of RSD %. The results are presented in the (Table 3 ). In both the cases % RSD is less than generally accepted theoretical value (˂ 2%). During robustness study, the effects of changes in chromatographic conditions on the chromatographic parameters were negligible and show that method is robust for intended use. Results are shown in (Table 4 and Table 5 ). Specificity was evaluated by the application of various stress tests as acidic stress, basic stress, oxidative stress, thermal stress, UV and photolytic stress to p-aminobenzoic acid and methoxsalen in combination form. Under these circumstances both drugs showed degradation. Typical chromatograms of basic, acidic, photolytic, oxidative and heat stresses are shown in the Figure 4 , 5, 6, 7, and 8, respectively.
Results showed that under basic stress, methoxsalen is more stable than p-aminobenzoic acid. Under this stress condition, p-aminobenzoic acid was degraded up to 10.5%, whereas methoxsalen was found to be stable. Under acidic stress conditions, p-aminobenzoic acid was degraded up to 9% and degradation of methoxsalen was 29.1%. Under UV stress conditions, both drugs found to be very stable and did not degrade.
Under photolytic stress, methoxsalen degraded substantially up to 40% and p-aminobenzoic acid was degraded up to 12%. In oxidative stress, p-aminobenzoic acid and methoxsalen were degraded up to 6.6% and 7.4% respectively. In thermal (dry heat) stress studies p-aminobenzoic acid degraded substantially up to 57.7% and methoxsalen was degraded up to 22%. Degradation results are reported in (Table 6 ). Beside percent degradation of each drug, different numbers of impurities (degradation products) were also appeared in basic (2 impurities with Imp-1 as main impurity/degradation peak), acidic (1 main impurity/degradation peak), photolytic (1 major impurity/degradation peak), oxidative (1 main impurity peak), and in thermal stress (2 impurity peaks and Imp-2 as the main degradation peak). Developed chromatographic method was also used for estimation of p-aminobenzoic acid and methoxsalen in commercially available ointment ( Figure 9) . The results are presented in Table 7 , which show high percent recovery and low % RSD. Figure 9 . Chromatogram of p-aminobenzoic acid and methoxsalen in pharmaceutical ointment.
CONCLUSION
A new method for the simultaneous estimation of p-aminobenzoic acid and methoxsalen in pharmaceutical formulation, and human serum is reported. The described reversed phase HPLC method is very simple, specific, fast and isocratic. The proposed method is suitable and appropriate for routine quality control analysis, stability studies and serum analysis. The developed method is validated using ICH guidelines. The method is very fast and separation is achieved within 5 min. Sample preparation is very simple and is without the use of laborious and expensive solid phase extraction.
